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Description 

This invention relates to a differential amplifier and 
to a method of obtaining an Imbalance-corrected differ- 
ential amplifier. 5 

Differential amplifiers are well known in the prior art. 
They are based on the so-called long-tailed pair of active 
three terminal devices. The devices of such a pair have 
separate input and load connections, but their third ter- 
minals are connected together; le the pair may be a io 
cathode-coupled valve pair, an emitter-coupled bipolar 
transistor pair or a source-coupled field effect transistor 
pair. More complex circuits are also f<nown in which a 
differential amplifier is an input stage of an operational 
amplifier, and converts two input signals to a single dif- is 
ferential signal. In recent years, differential and opera- 
tional amplifier production has been preferentially based 
on integrated circuit techniques using complementary 
metal oxide-silicon (CMOS) technology. 

An ideal differential amplifier would have a prede- 20 
termined output voltage for zero Input voltages. It would 
also have a predetermined output voltage when both in- 
put voltages are non-zero but equal; ie the common 
mode rejection ratio (CMRR) of the amplifier should be 
infinite. In practice, this ideal is not achieved because 25 
of mis-match between component transistors of a differ- 
ential amplifier. 

A differential amplifier has at least one pair of tran- 
sistors which should ideally be identical. Unfortunately, 
variations in manufacturing lead to differences between 30 
pair members which produce discrepancies between 
ideal performance and obtained performance. 

To improve differential ampilifier performance over 
that obtainable by attention to design and manufacture, 
it is known to adjust the physical parameters of such am- 3S 
plifiers subsequent to manufacture. One such approach 
involves incorporating in the amplifier a resistor whose 
value controls an electrical characteristic of the amplifi- 
er The resistor is made of vaporizable material, and is 
located in an accessible position in the amplifier The 40 
resistor is partially vaporized by a laser to alter its resist- 
ance to a value appropriate to adjust the amplifier's per- 
formance. In practice, a circuit requires robust construc- 
tion and therefore increased cost to tolerate thermal 
stresses associated with laser vaporization. Moreover, ^ 
to achieve adequate performance, it may be necessary 
to employ more than one vaporizable resistor. The proc- 
ess Is limited in accuracy to the minimum change in a 
resistor value obtainable by a single laser pulse, and is 
time consuming and expensive. so 

An alternative approach to differential amplifier ad- 
justment is to replace individual resistors requiring ad- 
justment by respective chains of resistors in series, each 
resistor being bridged by a Zener diode with associated 
current terminal pad. One or more individual resistors in ss 
each chain may be short-circuited by passing a high re- 
verse current through the associated Zener diodes. The 
current short-circuits the diode junction, and the chain 



resistance becomes that due to those remaining resis- 
tors which are not short-circuited. Conveniently, the re- 
sistor values in a chain form a binary doubling se- 
quence, ie R, 2R 2"-^ R; seven resistors per chain are 

needed to achieve resistance adjustment accuracy to 
1% of the chain resistance. Moreover, each resistor re- 
quires a contact pad. This approach has the disadvan- 
tage that part of the circuit is devoted to resistors, con- 
tact pads and Zener diodes which are irrelevant to circuit 
operation after initial circuit adjustment. It is therefore 
wasteful of Integrated circuit material. 

It has also been suggested to employ a differential 
current circuit as a module for Insertion in an amplifier 
to provide current adjustment capability. This is reported 
by E Sackinger and W Guggenbuhl IEEE J. SC23 1437 
(1988), who describe a sub-circuit module suitable for 
delivering a current of magnitude and polarity required 
for amplifier adjustment. 

An alternative approach has been suggested by L. 
R. Carley, IEEE J. SC24 1569 (1989). This involves an 
amplifier with two input field effect transistors each with 
a drain load transistor In what is known in the prior art 
as a "current mirror" arrangement. Carley suggests em- 
ploying an additional transistor connected in parallel 
with a drain load transistor and arranged to counteract 
offset voltage. 

Ail the foregoing prior art techniques for differential 
amplifier adjustment suffer from the disadvantage that 
they counteract mis-match by the introduction of asym- 
metry into the circuit. The traditional longtailed pair dif- 
ferential amplifier is symmetrical; it has two input circuits 
which are intended to be identical to one another. The 
symmetry is lost if resistors and zener diodes or addi- 
tional load transistors are used to counteract mis-match. 
Such prior art techniques allow the amplifier offset volt- 
age to be adjusted and forced to zero for a particular 
combinatbn of input voltages. However, the average 
offset voltage over the whole range of amplifier inputs 
may worsen. That is, the circuit asymmetry degrades 
the CMRR of the differential amplifier. 

French Patent Application number 83 04978 having 
a publication number 2 543 363 describes an integrated 
circuit using MOS transistors with electrical adjustment 
of the threshold voltage of at least one transistor. The 
circuit described therein is a differential amplifier circuit. 

It is an object of the Invention to provide an altem- 
ative form of differential amplifier and a method of ad- 
justing such an amplifier. 

The present invention provides a differential ampli- 
fier comprising: 

(a) a source-coupled pair of field effect transistors 
incorporating respective floating gates arranged re- 
spectively as inverting and non-inverting input tran- 
sistors of the amplifier, 

(b) a pair of subsidiary transistors each connected 
as a drain load of a respective input transistor, and 
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(c) correcting means for storing charge upon at 
least one of the said floating gates of said input tran- 
sistors by charge injection to counteract differing in- 
put transistor threshold voltages. 

characterised In that 

(i) the pair of subsidiary transistors Is a pair of field 
effect transistors incorporating respective floating 
gates, and 

(ii) the correcting means provides means for storing 
charge on least one of the said subsidiary transistor 
floating gates by charge injection to counteract dis- 
crepancies between actual and design values of in- 
put transistor drain voltage. 

The Invention provides the advantage that it is a dif- 
ferential amplifier that is adjustable to counteract mis- 
match without Introducing circuit asymmetry as in the 
prior art. It is adjusted by charging one or more of the 
amplifier's transistor floating gates, the charge being re- 
tained to provide correction for mis-match. 

It at least the input transistors are floating gate field 
effect transistors, the correcting means may be ar- 
ranged for charging at least an Input transistor floating 
gate to counteract differing Input transistor threshold 
voltages; the amplifier may also include current varying 
means connected to input transistor sources and ar- 
ranged to vary input transistor drain currents. The cur- 
rent varying means may comprise a transistor and bias- 
ing means arranged to vary the current in that transistor. 

The correcting means may include: - 

(a) means for controlling the current varying means 
to determine a linear region of the variation of the 
amplifier input offset voltage with the square root of 
the sum of input transistor drain currents, and 

(b) means for detecting discrepancies between ac- 
tual and design values of input transistor drain volt- 
age and for charging at least one of the subsidiary 
transistor floating gates to counteract such discrep- 
ancies. 

The amplifier may incorporate one or more transis- 
tor floating gates which are chargeable as hereinafter 
discussed. 

The con'ecting means may Include a respective ter- 
minal pad connected to the or each floating gate de- 
signed for charging, the said terminal pad being con- 
nectable to a charging source. 

An amplifier of the invention may be arranged as an 
operational amplifier including a second stage connect- 
ed to a drain load circuit and the correcting means may 
include means for charging an input transistor floating 
gate to counteract amplifier input offset voltage. 

In an alternative aspect, the Invention provides 



method of producing a mismatch-adjusted differential 
amplifier characterised in that it Includes the steps of:- 

(a) providing a differential amplifier incorporating a 
pair of input transistors and a pair of drain load tran- 
sistors, each pair comprising floating gate field ef- 
fect transistors, and 

(b) charging at least one floating gate of each pair 
of the floating gate field effect transistors to coun- 
teract:- 

(I) differing input transistor threshold voltages, 
and 

(II) discrepancies between actual and design 
values of Input transistor drain voltage. 

The input transistor threshold voltage difference 
may be determined by determining the amplifier input 
offset voltage extrapolated to zero Input transistor drain 
current. The threshold voltage difference Is then coun- 
teracted by charging an input transistor floating gate as 
appropriate to produce a reduction therein. Discrepan- 
cies between actual and design values of input transis- 
tor drain voltage may be determined by providing refer- 
ence signal levels to the Input transistors and monitoring 
the resulting drain voltages, one or both subsidiary tran- 
sistor floating gates are then charged to reduce the dis- 
crepancies. The amplifier of the invention may be an op- 
erational amplifier and may incorporate a second stage 
connected to an input transistor drain, and the amplifier 
input offset voltage may be determined by feeding back 
to an amplifier input a signal derived by comparing the 
second stage output with a reference signal level. The 
offset voltage is then counteracted by charging an input 
transistor floating gate to reduce it. 

The method of the Invention is well suited to Itera- 
tion to achieve successive approximations to required 
performance. It also lends Itself to automation under 
computer control as employed in conventional integrat- 
ed circuit testing. 

The Invention also extends to an operational ampli- 
fier made by the foregoing method. 

In order that the Invention might be more fully un- 
derstood, an embodiment thereof will now be described 
with reference to the accompanying drawings, in which:- 

is a schematic circuit diagram of part of a 
differential amplifier of the invention ar- 
ranged for determination of input transistor 
threshold voltage difference and its correc- 
tion; 

is a graph of amplifier offset voltage against 
gate-source voltage minus threshold volt- 
age of a transistor arranged to control am- 
plifier drain current; 
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Figure 3 showstheamplifier of Figure 1 arrangedfor 
determination and adjustment of discrep- 
ancies between actual and design values 
of amplifier output voltage; and 

Figure 4 shows the amplifier of Figures 1 and 3 ar- 
ranged as part of an operational amplifier 
in which amplifier input offset voltage Is to 
be corrected. 

Referring to Figure 1, there is shown a differential 
amplifier of the invention indicated generally by 10. The 
amplifier 10 incorporates first, second, third, fourth and 
fifth metal oxide-semiconductor field effect transistors 
(MOSFETs) Ml. M2, M3, M4 and M5 produced by 
CMOS technology. The MOSFETs Ml to M5 are fbating 
gate devices, generally as outlined by S.M. Sze in 
"Physics of Semiconductor Devices'. 2nd Ed. Wiley 
1981, page 496. Each MOSFET Mx consequently has 
two respective gates, a floating gate Fx and an input 
gate Gx, where x is 1 ,2,3,4 or 5. Each floating gate Fx 
is capable of storing electrical charge for a long period. 
In IEEE Electron Device Letters, Vol.12, No 3, March 
1 991 , Thomsen and Brooke estimate that a floating gate 
in a silicon MOSFET would lose charge at the rate of 
0.1% in 26 years. 

The first and second MOSFETs M1 and M2 are the 
input transistors of the differential amplifier 1 0. They are 
NMOS devices, and are connected to form a source- 
coupled pair (long-tailed pair); the fifth MOSFET M5 is 
also an NMOS device, and Is connected as a common 
source bias element between the Ml /M2 pair and a neg- 
ative power supply line 12. The third and fourth MOS- 
FETs M3 and M4 are PMOS devices, as indicated con- 
ventionally by respective circles adjacent their input 
gates G3and G4. These MOSFETs MS and M4are drain 
loads for the first and second MOSFETs Ml and M2 re- 
spectively; the connections between associated MOS- 
FETs M1/M3 and M2/M4 are drain to drain. The third 
and fourth MOSFETs M3 and M4 are connected to a 
positive power supply line 14, and they act in combina- 
tion as a current mirror circuit. 

A current mirror is a known circuit incorporating a 
MOSFET with gate and drain terminals connected to- 
gether. In consequence, the gate-source voltage Vgg of 
such a MOSFET reflects the current through it. Moreo- 
ver, connection together of the gates G3 and G4 of the 
third and fourth MOSFETs M3 and M4 ensures that 
these transistors carry like drain currents when biased 
to an operating regime where current Is independent of 
drain-source voltage V^^ provided that their floating 
gates F3 and F4 have like charging. 

The first to fourth floating gates F1 to F4 have ca- 
pacitative coupling connections (eg CI ) to terminal pads 
PI to P4 respectively. The fifth MOSFET floating gate 
F5 has no associated pad. The first and second pads 
PI and P2 are connected to respective charging voltage 
sources VC1 and VC2. 



6 

The first and second input gates G1 and G2 are con- 
nected by first and second lines LI and L2 to-respective 
sides of a voltmeter VM. The line L2 is also connected 
to earth. The third and fourth MOSFET input gates G3 
and G4 are connected directly together as has been 
said. The fifth MOSFET Input gate G5 Is connected to 
a single pole, double throw switch SW having poles con- 
nected to a bias voltage source VB and to a terminal 
pad P5. The pad P5 is connected by a line LB to a DC 
voltage generator VG. 

The first and second MOSFETs Ml and M2 have 
drain connections D1 and D2 connected both to the third 
and fourth MOSFETs M3 and M4 and to terminal pads 
P6 and P7 respectively. The pads P6 and P7 are also 
connected by lines L3 and L4 as input terminals of a 
comparator amplifier CA. 

The differential amplifier 10 Is adjusted as follows 
to correct for differing threshold voltages Vj^ and V-^^ of 
the first and second MOSFETs Ml and M2. The switch 
SW is set to connect the fifth Input gate G5 to the termi- 
nal pad P5 and thence to the voltage generator VG. The 
charging voltage sources VC1 and VC2 are Initially iso- 
lated (not shown) from the pads P1 and P2. The drain 
current of the fifth MOSFET M5, and consequently that 
of each of the first and second MOSFETs Ml and M2, 
is adjusted by means of the voltage generator VG until 
the first and second MOSFETs are operating in a satu- 
ration regime. 

The comparator amplifier CA receives input of the 
drain voltages of the first and second MOSFETs Ml and 
M2; it amplifies the difference between these voltages. 
The amplified difference voltage is fed back to the first 
input gate G1 with a polarity appropriate to reduce the 
difference between the first and second MOSFET drain 
voltages. When feedback has produced a quiescent 
state, the output voltage from the comparator amplifier 
CA is that input voltage to the differential amplifier 10 
which produces equality between the drain voltages of 
the first and second MOSFETs Ml and M2; this input 
voltage Is defined as the offset voltage Vqs. and it is 
shown by the voltmeter VM. 

The difference 5Vj^2 between the threshold voltag- 
es Vti and Vf2 of the first and second MOSFETs Ml 
and M2 is detemiined by a graphical extrapolatbn tech- 
nique. When $Vji2 ^^^^ determined, it is reduced 
by applying a charge of the appropriate polarity to one 
of the first and second floating gates F1 and F2 by 
means of the respective charging voltage sources VC1 
or VC2. The graphical and charging techniques are de- 
scribed in more detail below. The reduced value of SV^i 2 
is determined by the graphical technique once more, 
and is further reduced by altering the charge previously 
applied to the floating gate F1 and F2. The procedure is 
repeated iteratively until the residual value of 5Vj^2 
sufficiently small to be negligible for the purpose for 
which the amplifier 10 is intended. 

The graphical extrapolation technique referred to 
above is derived as follows: the offset voltage Vqs 
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(shown on the voltmeter VM in Figure 1) has been an- 
alysed for a source-coupled pair of MOSFETs by P R 
Gray and R G Meyer in "Analysis and Design of Analog 
Integrated Circuits", Second Edition, John Wiley and 
Sons 1 984. From that analysis, it can be shown that, if s 
the first, second and fifth MOSFETs Ml , M2 and M5 are 
operating in saturation, then approximately:- 

where l^g is the drain current of the fifth MOSFET M5, 
and A is a constant. Equation (1 ) is an approximate re- 
lationship which arises because Vqq is related to the 
drain currents of the first and second MOSFETs M1 and 
M2, and these currents are approximately equal to each 
other and to \q^2. 

However, in saturation, 

'05«IVqSS-Vt51' (2) 

where Vqqs and Vjg are the fifth MOSFETs gate-source 
voltage and threshold voltage respectively. 
Combining (1)and (2):- 

Vos = SV^i2 + B(V335-V^) (3) 

where B is a constant. 

Equation (3) shows that the variation of V03 as a 
linear function of the square root [Iqs]^ of the sum of the 
first and second MOSFETs* drain currents can be re- 
placed by a like variation with (Vqss - V-1-5). 

A typical value for a MOSFET threshold voltage Vj 
is 0.85V, and this value may be employed to replace V-pg 
in Equation (3) with a degree of error that is negligible. 

Vqss is the voltage difference between the voltages 
on the line LB and the negative power supply line 12, 
and is controlled by the voltage generator VG. As has 
been said, Vqs is measured by the voltmeter VM. From 
Equation (3). a graph of Vqs against (Vqqs - Vyg) pro- 
duces a straight line of slope B. This line has an intercept 
on the Vo3 axis of 6V-|-^2. the difference between the 
threshold voltages Vy^ and V1-2 of the first and second 
MOSFETs M1 and M2. The graph is produced by con- 
necting the fifth MOSFET gate G5 to the voltage gener- 
ator VG, varying the generator output voltage. This pro- 
duces a variation in Vqs on the voltmeter VM. 

Referring now also to Figure 2, there is shown a 
graph 15 of Vqs against (Vqq5 - Vjs). The graph has a 
linear portion 15A and a curved portion 15B; the latter 
arises from departures from the assumptions on which 
Equations (1 ) to (3) were based. The linear portion 1 5A 
is extrapolated by a chain line 1 50 to an intercept 6Vi^2 
of -1 8.7mV on the Vqs axis. The graph 1 5 indicates that 
the first MOSFET Ml has a threshold voltage Vj^ 



18.7mV below that of the second MOSFET M2. 

In order to counteract the threshold voltage differ- 
ence, a charge is applied to one of the floating gates F1 
and F2 and the procedure used to generate the graph 
15 is repeated. If the value of 6Vti2 increases, the po- 
larity of the charge is reversed and the procedure re- 
peated. If 6Vji2 ^s reduced, the procedure is repeated 
with a charge of like polarity and lesser or greater mag- 
nitude in accordance with whether the reduction was 
greater than or less than )^6Vy^2- Successive iterations 
of this procedure provide a negligible residual threshold 
voltage difference. 

Charge is introduced on to the relevant floating gate 
F1 or F2 as described by A Thomson and M A Brooke, 
IEEE Electron Device Letters, Vol. 12, No. 3, March 
1 991 . The terminal pads PI to P4 are capacitatively cou- 
pled to respective floating gates F1 to F4; each capac- 
itative coupling is however constructed as a charge in- 
jector as described by Thomsen et al. In consequence, 
a voltage on one of the pads PI to P4 produces the in- 
jection of charge on to the associated gate F1 , F2. F3 
or F4. The charge remains on the relevant gate after the 
voltage is removed from the associated pad, and per- 
sists for a considerable time as has been said. 

Referring now to Figure 3, there is shown the differ- 
ential amplifier 10 of Figure 1 with changes to subsidiary 
circuitry for the purposes of determining charges to be 
applied to the third and fourth MOSFETs M3 and M4. 
Parts previously described are like referenced. The dif- 
ferential amplifier 10 has first and second input gates 
G1 and G2 connected to earth. The terminal pads P6 
and P7 are connected to first and second voltmeters 
VM1 and VM2 respectively, which are also connected 
to earth. Terminal pad P5 is unconnected. The third and 
fourth terminal pads P3 and P4 are connected to a var- 
iable voltage source VS. The switch SW is set to connect 
the fifth input gate G5 to the bias voltage source VB. 

The voltage source VS is emptoyed to apply voltag- 
es to the third and fourth pads P3 and P4, so that charg- 
es are injected on to the third and fourth floating gates 
F3 and F4. This alters the drain voltages of the first and 
second MOSFETS Ml and M2 to respective predeter- 
mined values for which the amplifier 10 was designed. 
The drain voltages appear at the sixth and seventh pads 
P6 and P7 respectively, and are measured by the first 
and second voltmeters VM1 and VM2. When the prede- 
termined values are achieved, the voltage source VS is 
disconnected from the pads P3 and P4. This leaves 
charges on third and fourth floating gates appropriate 
for maintaining the design values of the first and second 
MOSFET drain voltages. 

Referring now to Figure 4, there is shown the differ- 
ential amplifier 10 arranged as an input stage of an op- 
erational amplifier 18 having a second stage 16. The 
second stage 16 has an output 20 connected as one 
Input to a comparator amplifier CA1 . A voltmeter VM3 
is connected between earth and an output CAO of the 
comparator amplifier CA1 , and this amplifier has earth 
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as a second input. The amplifier output CAO is connect- 
ed to the second input gate G2. A voltage source VS1 
is connected to the first floating gate terminal pad PI . 
The first input gate G1 is connected to earth. 

The circuit of Figure 4 operates as follows. The first 
Input gate Q1 is at earth potential. The signal at the sec- 
ond drain connection D2 is connected to the second 
stage 16. The output signal from the second stage 1 6 Is 
compared with earth potential in the comparator ampli- 
fier CA1. Output from the comparator amplifier CAO is 
fed to the second input gate G2, and has a polarity ap- 
propriate to reduce the output voltage appearing at the 
operational amplifier output 20. In consequence, nega- 
tive feedback takes place in the loop defined by the dif- 
ferential amplifier 1 0, the second stage 1 6 and the com- 
parator amplifier CA1 . When this feedback loop stabi- 
lises, the output voltage of the comparator amplifier CA1 
is that which is necessary to produce a zero voltage at 
the operational amplifier output 20. This comparator out- 
put voltage is the systematic input offset voltage of the 
two-stage operational amplifier 1 8 determined over both 
amplifier stages 10 and 16. It appears displayed on the 
voltmeter VMS. To adjust the operational amplifier 1 8 for 
zero systematic Input offset voltage, either the first float- 
ing gate F1 or altematively the second floating gate F2 
is charged as appropriate to reduce the voltage shown 
on the voltmeter VM3. The procedure involving charge 
injection is iterative and equivalent to that described with 
reference to Figure 1. 

The invention lends itself to automation of the kind 
employed for conventional integrated circuit testing. 
Thus the terminal pads PI to P7 may be designed to 
accept probes linked to a computer with associated volt- 
age sources and measuring devices, the computer be- 
ing programmed to implement supply and detection of 
voltages and to activate floating gate charging. Such an 
arrangement is well suited to iterative procedures and 
to adjustment of arrays of amplifiers. 

The current mirror drain load circuit of the differen- 
tial amplifier 1 0 may be replaced by any other drain load 
circuit having a respective floating gate transistor for 
each input transistor. Variation of the drain currents of 
the first and second MOSFETs Ml and M2 may be 
achieved by a current source connected in parallel with 
a bias element such as the fifth MOSFET M5, the source 
being disconnectable after adjustment of dV-ng ^ 'c>w 
value. 

The invention has been described with reference to 
adjustment to counteract differing threshold voltages 
and departures from design values of input transistor 
drain voltages, and also input offset voltage when the 
differential amplifier Is part of an operational amplifier. 
However, in individual applications of the Invention not 
all of these adjustments may be required. Any one, any 
two or all three might be appropriate according to circuit 
design requirements in specific circumstances. In some 
operatbnal amplifier applications in particular input volt- 
age offset adjustment may be unnecessary. 



The differential amplifier 10 incorporated a respec- 
tive terminal pad (eg P1 ) for each of the four MOSFETs 
Ml to M4. It would be possible for the invention to be 
implemented with only one of the first and second MOS- 

s FETs Ml and M2 having a terminal pad. Since a floating 
gate may be charged positive or negative, a correction 
requiring a positive charge on floating gate F1 may be 
implemented by a negative charge on floating gate F2. 
However, this introduces circuit design asymmetry 

10 which might not be acceptable. 



Claims 



15 1 . A differential ampi If ler (1 0) comprising: 



(a) a source-coupled pair of field effect transis- 
tors (M1 , M2) incorporating respective floating 
gates (F1 , F2) arranged respectively as invert- 
ing and non-inverting input transistors of the 
amplifier, 



20 



25 



30 



35 



40 



4S 



(b) a pair of subsidiary transistors (M3, M4) 
each connected as a drain load of a respective 
input transistor (Ml, M2), and 

(c) correcting means (VC1, VC2) for storing 
charge upon at least one of the said floating 
gates (F1 , F2) of said input transistors (Ml , M2) 
by charge injection to counteract differing input 
transistor threshold voltages, 

characterised in that 

(i) the pair of subsidiary transistors (MS, M4) is 
a pair of field effect transistors incorporating re- 
spective floating gates (FS, F4), and 

(11) the correcting means provides means (VS) 
for storing charge on at least one of the said 
subsidiary transistor floating gates by charge 
injection to counteract discrepancies between 
actual and design values of input transistor 
drain voltage. 



2. An amplifier according to Claim 1 characterised in 
that the amplifier includes current varying means 
(MS) connected to the input transistor sources and 
arranged to vary the input transistors* drain currents 
50 and that the correcting means includes: 

(a) means (VG) for controlling the current var- 
ying means to determine a linear region of the 
variation of the amplifier offset voltage with the 

5S square root of the sum of input transistor drain 

currents, and 

(b) means (VM1 , VM2) for detecting discrepan- 
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cies between actual and design values of Input 
transistor drain voltage and for charging at least 
one of the subsidiary transistor floating gates 
(F3, F4) to counteract such discrepancies. 

3. An amplifier according to Claim 1 or 2 characterised 

in that the correcting means includes a respective 
terminal pad (PI, P2, P3, P4) connected to the or 
each floating gate designed for charging, the said 
terminal pad being connectable to a charging 
source(VC1, VC2. VS). 

4. An amplifier according to any preceding claim char- 
acterised in that it is arranged as an operational am- 
plifier Including a second stage (16) connected to a 
drain load circuit, the correcting means Including 
means (VS1) for charging an input transistor float- 
ing gate to counteract amplifier Input offset voltage. 

5. A method of producing a mismatch-adjusted differ- 
ential amplifier characterised in that it Includes the 
steps of:- 

(a) providing a differential amplifier (10) incor- 
porating a pair of source coupled input transis- 
tors (Ml . M2) and a pair of load transistors (M3, 
M4), each pair comprising floating gate field ef- 
fect transistors, and each load transistor con- 
nected as a drain load of a respective Input 
transistor (Ml , M2), and 

(b) charging at least one floating gate (F1 , F2, 
F3. F4) of each pair of the floating gate field ef- 
fect transistors to counteract:- 

(i) differing input transistor threshold volt- 
ages, and 

(ii) discrepancies between actual and de- 
sign values of input transistor drain volt- 
age. 

6. A method according to Claim 5 characterised in that 
prior to step (b) the Input transistor threshold volt- 
age difference is determined by measuring the am- 
plifier input offset voltage as a linear function of the 
square root of the sum of the input transistor drain 
currents and extrapolating that voltage to zero drain 
current sum, and step (b)(1) is implemented by 
charging an Input transistor floating gate. 

7. A method according to Claim 5 or 6 characterised 
in that in carrying out step (b)(ii), the said discrep- 
ancies are determined by providing reference sig- 
nal levels to the input transistors and monitoring the 
Input transistor drain voltages which result, and at 
least one of the subsidiary transistor floating gates 
Is charged to counteract any such discrepancy. 



8. A method according to Claim 5, 6 or 7 characterised 
in that the amplifier has a second stage (16) con- 
nected to an input transistor drain, amplifier input 
offset voltage Is determined by feeding back to an 
5 amplifier input a signal derived by comparing the 
second stage output with a reference signal level, 
and this offset voltage is counteracted by charging 
an input transistor floating gate to reduce It. 

10 9. An operational amplifier characterised in that it is 
produced by the method of any one of Claims 5 to 8. 



PatentansprOche 

15 

1. Differenzverstarker (10), der umfaBt: 

(a) ein source-gekoppeltes Paar von Feldef- 
fekttransistoren (M1, M2), die jeweiis ein 

20 schwimmendes Gate (F1, F2) aufweisen und 

Jewells ais Invertierender bzw. nichtinvertleren- 
der Eingangstransistor des Verstarkers dienen, 

(b) ein Paar von Zusatztranslstoren (MS, M4), 
die jeweiis ais Drain-Last eines jeweiligen Ein- 

25 gangstransistors (Ml , M2) geschaltet sind, und 

(c) eine Korrekturvorrichtung (VC1, VC2) zum 
Speichern von Ladung auf wenigstens einem 
der schwimmenden Gates (F1, F2) der Ein- 
gangstransistoren (M1, M2) durch Ladungsin- 

30 jektion, um unterschiedlichen Eingangstransi- 

storschwellenspannungen entgegenzuwirken, 

dadurch gekennzelchnet, da8 

35 (i) das Paar von Zusatztranslstoren (MS, M4) 

ein Paar von Feldeffekttransistoren mit jeweiis 
schwimmendem Gate (F3, F4) ist, und 
(ii) die Korrektun/orrichtungen eine Vorrichtung 
(VS) zum Speichern von Ladung auf wenig- 

40 stens einem der schwimmenden Gates der Zu- 

satztranslstoren durch Ladungsinjektion dar- 
stellt, um Abweichungen zwischen tatsachli- 
chen und Planungswerten der Eingangstransi- 
stor-Draln-Spannung entgegenzuwirken. 

45 

2. Verstarker nach Anspruch 1 , dadurch gekennzelch- 
net, daR der Verstarker eine Stromeinstellungsvor- 
richtung (M5) aufweist, die mit den Source-An- 
schlussen der EIngangstransistoren verbunden Ist 

so und dazu dient, die Drain-Strome der EIngangstran- 
sistoren zu verandem, und da8 die Korrekturvor- 
richtung umfaBt: 

(a) eine Vorrichtung (VG) zur Steuerung der 
ss Stromeinstellungsvorrichtung, um einen linea- 

ren Berelch der Einstellung der Verstarker- 
spannungsverschlebung mit der Quadratwur- 
zel der Summe der Eingangstransistor-Draln- 



7 



13 



EP 0 635 173 B1 



14 



Strdme festzulegen, und 
(b) Vorrichtungen (VM1, VM2) zum Erfassen 
von Unterschieden zwischentatsachlichen und 
Planungswerten von der Eingangstranslstor- 
Drain-Spannung und zum Aufladen wenig- s 
stens eines der schwimmenden Gates der Zu- 
satztransistoren (F3, F4), um solchen Abwei- 
chungen entgegenzuwirken. 

3. Verstarker nach Anspruch 1 Oder 2, dadurch ge- io 
kennzeichnet, da3 die Korreklun/orrlchtung jeweils 
eine AnschluB-Kontaktflache (PI , P2, P3, P4) auf- 
weist, die mit dem oderdem jeweiligen schwimmen- 
den Gate zum Aufladen verbunden ist. wobei die 
AnschluB-Kontaktflache mit einer Aufladungsquel- is 
le (VC1. VC2. VS) verbunden werden kann. 

4. Verstarker nach einem der vorangehenden Anspru- 
Che, dadurch gekennzeichnet, da3 er als Operati- 
onsverstarker mit einer zweiten Stufe (16) ausge- 20 
legt ist, die mit einem Drain-Last-Schattkreis ver- 
bunden ist, wobei die Korrekturvorrnhtung eine 
Vorrichtung (VS1 ) zum Aufladen eines schwimmen- 
den Gates eines Eingangstransistors aufweist, um 
einer Verstarkereingangsspannungsverschiebung 2S 
entgegenzuwirken. 

5. Verfahren zur Herstellung eines fehleinstellungs- 
korrigierten Differenzverstarkers, dadurch gekenn- 
zeichnet, daO es die Schritte umfa3t: 30 



mentlert wird durch Aufladen eines schwimmenden 
Gates eines Eingangstransistors. 

7. Verfahren nach Anspruch 5 oder 6, dadurch ge- 
kennzeichnet, da3 beim Ausfuhren von Schritt (b) 
(ii) die besagten Abweichungen bestimmt werden 
durch Erzeugen eines Reterenzsignalpegels bei 
den Eingangstransistoren und UbenA/achen der 
Eingangstransistor-Drain-Spannungen, die sich er- 
geben, und Aufladen wenigstens eines der schwim- 
menden Gates der Zusatztransistoren. um einer 
sotehen Abwek:hung entgegenzuwirken. 

8. Verfahren nach Anspruch 5, 6 Oder 7. dadurch ge- 
kennzeichnet, da3 der Verstarker eine zweite Stufe 
(16) hat, die mit einem Eingangstransistor-Drain 
verbunden ist, wobei die Verstarkereingangsspan- 
nungsverschiebung bestimmt wird. indem an einen 
Verstarkereingang ein Signal ruckgekoppeit wird, 
das durch Vergleichen des Ausgangs der zweiten 
Stufe mit einem Referenzslgnalpegel abgeleitet 
wird, und dieser Spannungsverschiebung entge- 
gengewirkt wird durch Aufladen eines schwimmen- 
den Gates eines Eingangstransistors, um sie zu re- 
duzieren. 

9. Operatbnsverstarker. dadurch gekennzeichnet. 
da8 er mit dem Verfahren nach einem der Anspru- 
che 5 bis 8 hergestellt wurde. 



6. 



(a) IHerstelten eines Differenzverstarkers (10) 
mit einem Paar von source-gekoppelten Ein- 
gangstransistoren (M1, M2) und einem Paar 
von Lasttransistoren (M3. M4), wobei jedes 
Paar Feldeffekttransistoren mit schwimmen- 
dem Gate aufweist und jeder Lasttransistor als 
eine Drain-Last eines Jeweiligen Ein gangstran- 
sistors (Ml, M2) geschaltet ist, und 

(b) Aufladen wenigstens eines schwimmenden 
Gates (F1 , F2, F3, F4) bei jedem Paarvon Feld- 
effekttransistoren mit schwimmendem Gate, 
um entgegenzuwirken: 

(i) unterschiedlichen Eingangstransistor- 
schwellenspannungen und 

(ii) Abweichungen zwischen tatsachlichen 
und Planungswerten von Eingangstransi- 
stor-Drain-Spannungen. 

Verfahren nach Anspruch 5, dadurch gekennzeich- 
net, da3 vor Schritt (b) die Eingangstransistor- 
schwellenspannungsdifferenz vorgegeben wird 
durch Messen der Verstarkereingangsspannungs- 
verschiebungals {(nearer Funktion derQuadratwur- 
zel der Summe der Eingangstransistor-Drain-Stro- 
me und Extrapolieren dieser Spannung auf eine 
Drain-Strom-Summe Null und Schritt (b) (i) imple- 
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Revendications 

1 . Ampliflcateur diff 6rentiel (1 0) comprenant : 

(a) une paire de transistors ^ effet de champ 
(Ml, M2) k couplage de source, comprenant 
des grilles flottantes respectives (F1 , F2) dis- 
pos^es respectivement sous forme de transis- 
tors inverseur et non Inverseur d'entr^e de I'am- 
plificateur, 

(b) une paire de transistors auxiliaires (M3, M4) 
connectds chacun comme charge de drain d'un 
transistor d'entrde respectif (Ml . M2), et 

(c) un dispositif de correctbn (VC1 , VC2) des- 
tine k conserver une charge sur t'une au moins 
des grilles flottantes (F1, F2) des transistors 
d'entr^e (Ml, M2) par injection d'une charge 
destines h compenser les tensions diff^rentes 
de seuil des transistors d'entrde. 

caractdris^ en ce que : 

(i) la paire de transistors auxiliaires (M3, M4) 
est une paire de transistors k effet de champ 
ayant des grilles flottantes respectives (F3. F4), 
et 

(ii) le dispositif de correction comporte un dis- 
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positif (VS) destine k accumuler une charge sur 
I'une au molns des grilles flottantes de transis- 
tor auxiliaire par injection d'une charge desti- 
n6e k compenser les dcarts entre les valeurs 
rdelle et nominaie de la tension de drain du s 
transistor d'entr^e. 

2. Amplificateur selon la revendication 1 . caract^risd 
en ce que i'amplificateur comprend un dispositif 
(M5) de variation de courant connects k des sour- 
ces de transistors d'entrde et destine k fairs varier 
les courants de drain des transistors d'entrde, et le 
dispositif de correction comprend : 



5. Proc666 de production d'un amplificateur diffdren- 45 
tiel k ajustement de ddfaut d'adaptation, caract^risd 
en ce qu'il comprend les stapes suivantes : 



effet de champ k grille flottante pour 
compenser : 

(i) la difference entre les tensions de seuil 
des transistors d'entrde, et 

(ii) les hearts entre les valeurs r^elle et no- 
minaie de la tension de drain des transis- 
tors d'entrde. 



Proc6d6 selon la revendication 5 ou 6, caractdrisd 
en ce que, brs de I'ex^cution de I'^tape (b) (ii), les- 
dits hearts sont determine par creation de niveaux 
de signaux de reference appliques aux transistors 
d'entr6e et par contr6le des tensions de drain des 
transistors d'entr^e qui en r^sultent. et I'une au 
molns des grilles flottantes des transistors auxiliai- 
res est chargee pour la compensation d'un tel 6cart. 

Proc6d6 selon la revendication 5. 6 ou 7, caract6- 
ris6 en ce que Tamplificateur poss6de un second 
etage (16) connects k un drain un transistor d'en- 
trde, une tension de ddcalage de I'amplificateur est 
d6termin6e par renvoi k une entr6e de Tamplifica- 
teur d'un signal d^rivd par comparaison du signal 
de sortie du second 6tage k un niveau de signal de 
reference, et cette tension de d^calage est com- 
pensde par charge d'une grille flottante de transistor 
d'entr6e afin qu'elle soit rddulte. 

Amplificateur op6rationnel caract6rise en ce qu'il 
est produit par le proc^d^ selon I'une quelconque 
des revendications 5^8. 



(a) un dispositif (vQ) de reglage du dispositif 
de variation du courant pour la d^temninatlon 
d'une rdgion lindaire de variation de la tension 
de d^alage d'ampiiftcateur k I'aide de la racine 
carr^e de la somme des courants de drain des 
transistors d'entr^e, et 

(b) un dispositif (VM1 . VM2) destind k ddtecter 
les hearts entre les valeurs rdelle et nominaie 
de la tension de drain du transistor d*entrde et 
k charger Tune au moins des grilles flottantes 
(F3, F4) de transistor auxiliaire pour compenser 
ces tearts. 
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Procede selon la revendication 5, caracterise en ce 
que, avant I'dtape (b), la difference de tensions de 
seuil des transistors d'entr6e est d6termin6e par 
mesure de la tension de d^calage d'entr^e de I'am- 
plificateur sous forme d'une fonction lindaire de la 
racine carrde de la somme des courants de drain 
des transistors d'entr^e et par extrapolation de cette 
tension k une somme de courants de drain nulla, et 
I'etape (b) (i) est mise en oeuvre par charge d'une 
grille flottante de transistor d'entrde. 



3. Amplificateur sebn la revendication 1 ou 2, carac- 
terise en ce que le dispositif de correction comprend 

une plage respective de borne (PI , P2, P3, P4) con- 30 8. 
nectee k la grille ou k chaque grille flottante desti- 
nes k la charge, la plage de borne pouvant dtre con- 
nectee k une source de charge (VC1 , VC2, VS). 

4. Amplificateur selon I'une quelconque des revendi- 35 
cations pr6cedentes, caracterise en ce qu'il est rea- 
lise sous forme d'un amplificateur operationnel 
comprenant un second etage (16) connecte k un 
circuit de charge de drain, le dispositif de correction 
comprenant un dispositif (VS1) de charge d'une 40 
grille flottante de transistor d'entree destine k com- 9. 
penser la tension de decaiage d'entree de I'amplifi- 
cateur. 



(a) la disposition d'un amplificateur differentiel 

( 1 0) comprenant une pal re de transistors d'en- so 
tree (Ml , M2) k couplage de source et une paire 
de transistors de charge (M3. M4), chaque pai- 
re comprenant les transistors k effet de champ 
k grille flottante, et chaque transistor de charge 
est connecte comme charge de drain k un tran- 55 
sistor respectif d'entree (Ml , M2), et 

(b) la charge d'au moins une grille flottante (F1 . 
F2, F3i F4) de chaque paire de transistors k 
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Fig.2. 



-16.0mV 



-16.5mV- 



-17.0mV 
Vost -T7.5mV 
-IB.OmVl- 



-18.5mV 
-19.0mV, 




V 15C 



r / 



I i 



0.0V 05V 1.0V 1.5V 2.0V 2.5V 3.0V 3.5V 
tV(3S5-VT5)— 




11 



EP 0 635 173 B1 




12 



